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Tém tat: Hién twong Péng bang Déng di (Freezing of Gait - FOG), mét triéu chitng
van dong nghiém trong va phé bién & bénh nhdn Parkinson (PD), lam gia tang ddng ké nguy
co té ngd va suy gidm tram trong chat lwong cuée song. Cdac phwong phdp can thiép hién
hanh thuong gdp han ché do tinh chii quan trong ddnh gid hodc thiéu kha ndang ddp iing theo
thoi gian thiee. Bai bdo nay trinh bay chi tiét qua trinh thiét ké, trién khai va xdc thuwe mot hé
thong deo vong kin, tiéu thu nang lwong thap, ¢é kha nang phdt hién FOG trong thoi gian
thyc va tw dong cung cdp tin hiéu goi nhip diéu nham hé tro bénh nhan. Hé lhéng tich hop
mét Pon vi Po lwong Quan tinh (IMU) duy nhat deo tai cang chan dé thu thap dir liéu dong
hoc cua dang di. Trong tam cua hé théng la mot thudt toan phat hién FOG dua trén kién
triic hoc séu lai, két hop Mang No-ron Tich chdp (CNN) va Mang Bé nhé Dai-Ngan (LSTM),
g 161 wu héa dé trién khai truc tiép trén vi diéu khién (MCU). Kién triic nay cho phép trich
xudt cac ddc trung khong-thoi gian phirc tap tw dir lieu cam bién thé mét cach hiéu qud. Khi
mot con FOG dwoc nhan dién, hé thé'ng sé kich hoat cac goi y da phwong thure, bao gém tin
hiéu thinh gidc hodc rung, tuy theo lya chon cua nguoi dung. Qua trinh xac thuc chéo theo
phirong phép Loai bé mét doi tieong (Leave-One-Subject-Out - LOSO) trén bé dir liéu cong
khai Daphnet cho lhcfy thudt todn dé xudt dat dwoc do nhay 92.5%, do dac hiéu 94.3%, va
diém F1 la 0.93. Céc thir nghiém thi diém trén nguoi ding da chirg minh rdang viéc cung
cdp goi ¥ theo yéu cau giip giam ddng ké thoi gian ciia cac con FOG. Nghién civu nay khang
dinh tiém nding cia mot gidi phdp kha thi, hiéu quad va kin ddo, mé ra hwéng di méi trong
viéc cdi thién sy an toan va tinh tw chu trong van dong cho cdc cd nhan mdc bénh Parkinson.

Tir khéa: bénh Parkinson, dong bang déng di (FOG), hé thong deo, hoc sdu, CNN-LSTM, goi
¥y cam gidc, can thiép thoi gian thuc, internet van vat Y té (loMT)

' Khoa Pién - Bién Tir, Truong Pai hoc Mé Ha Noi



I. Dit vin dé

Bénh Parkinson (PD) la mot 16i loan
thoai hoa than kinh tién trién, dic trung
boi cac triéu ching van dong 6t 161 nhu
run khi nghi, co cing co va van dong
cham chap (Kalia & Lang, 2015). Trong
sb cac biéu hién van dong phuc tap, hién
tuong Pong bang Dang di (Freezing of
Gait - FOG) dugc xem la mét trong nhiing
thach thuc lam sang nan gidi va gay suy
nhuoc nhét (Nutt et al., 2011). FOG duogc
dinh nghia 1a “sy vang mit hodc suy giam
dot ngdt, co tinh chu ky cia viéc bude toi
ctia ban chan mic du nguoi bénh van c6 y
dinh di bo”’(Giladi & Nieuwboer, 2008).
Hién tuong niy anh huong dén khoang
80% bénh nhan trong cic giai doan tién
trién ctia bénh (Pérez-Lopez et al., 2016),
thuong xuit hién khi bat dau di, quay
nguoi, hodc di qua cac khong gian hep, tu
d6 1am gia tang dang ké nguy co té nga,
han ché tinh ty chil va suy giam nghiém
trong chat luong cudc séng (Walton et al.,
2015; Creaby & Cole, 2012).

Viéc danh gia FOG trong moi
truong 1am sang truyén théng phai déi
mat v6i nhiéu thach thirc. Cac phuong
phap dua trén bang cau hoi cua bénh nhan
thuong mang tinh chu quan va c6 dd tin
cay thp (Giladi et al., 2009). Hon nira,
FOG thuong c6 hién tuong “nghich 1y,
tic 1a it xay ra hon khi bénh nhan biét
minh dang duoc quan sat, gy kho khan
cho viéc chan doan chinh xac (Shine et
al., 2013). Vé phuong di¢n diéu tri, cac
liéu phap duoc ly va phau thuat Kich
thich Ndo séu (DBS) ciing cho thay hiéu
qua khong nhit quan déi véi FOG (Okun,
2012; Schlenstedt et al., 2017), diéu nay
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nhén manh su cép thiét cua viée phat trién
cac phuong phap can thi¢p phi dugc ly,
phi xdm 14n.

Su tién bd ciia cong nghé thiét bi
deo, dac biét 1a cac hé théng str dung Pon
vi Do luong Quén tinh (IMU), da m¢ ra
mot ky nguyén mdi cho viéc theo ddi FOG
mot cach khach quan va lién tuc trong moi
truong song hang ngay (Rovini etal., 2017).
Céc thuat toan ban dau, vi du nhu thuét
toan dwa trén ngudng ctia “Chi s Pong
bang”(Freezing Index - FI) (Moore et al.,
2008), du ddt nén moéng quan trong nhung
lai boc 16 nhimg han ché vé do nhay va
do dac hiéu trong cac tinh huéng phtrc tap
(Mazilu et al., 2012). Biéu nay da thic day
mot su chuyén dich manh mé sang cac mo
hinh Hoc méay (ML) va Hoc sau (DL) tinh vi
hon, c6 kha ning tu dong hoc cac dac trung
phtec tap tir dir liéu (Rodriguez-Martin et al.,
2017; Camps et al., 2018). Song song do,
nguyén 1y goi y cam giac (sensory cueing)
da dugc chimg minh 1a c¢6 hiéu qua trong
vigc gitp bénh nhan “pha bang”va tai lap
nhip di (Nieuwboer et al., 2007; Ginis et al.,
2018; Lim et al., 2005). Trong d6, cac h¢
théng goi y vong kin (closed-loop), chi cung
cép tin hiéu khi thuc sy can thiét, duoc cho
1a vu viét hon do tinh kin dédo va hi¢u qua
vé mit niang luong (Arias & Cudeiro, 2008;
Mancini et al., 2018).

Mic du dd c6 nhing tién bo déng
ké trong timg linh vuc riéng 1é, van ton
tai mot khoang tréng trong viéc tich hop
mot thudt toan phat hién FOG tién tién,
hiéu suit cao voi mot chién luoc goi ¥ da
phuong thirc hiéu qua vao mot hé thong
deo duy nhét, gon nhe, va kha thi vé& mat
lam sang. Nghién ctru cua chung t6i1 duoc
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thuc hién nham giai quyét truc tiép thach
thirc nay. Bai bao trinh bay thiét ké, ché
tao va xac thuc mot hé théng deo vong
kin, tich hop déy du va tiéu thy nang lugng
thip, véi cac dong gop khoa hoc chinh
nhu sau: (1) phat trién mot thuat toan phat
hién FOG dua trén kién trac CNN-LSTM
lai, dugc t6i wu hoa cho viée suy luan trén
thiét bi (on-device inference); (2) xay
dung mot logic diéu khién vong kin ¢ do
tré cuc thép dé kich hoat go1 vy kip thoi; va
(3) cung cip mot co ché goi ¥ da phuong
thire (thinh gidc va rung) dé dap tng so
thich c4 nhan ctia nguoi dung.

II. Co s& 1y thuyét

2.1. Nguyén Iy Thudt todan Phadt
hién FOG dwa trén IMU

Nén tang cia viéc phat hién FOG
dua trén phan tich dr li¢u dong hoc thu
duoc tir cac cam bién IMU gan trén co thé.
Dit liéu thé tir gia toc ké va con quay hoi
chuyén, sau khi dugc thu thap, s€ trai qua
mot chudi cac bude xir 1y dé co thé phan
loai chinh x4c gifra dang di binh thuong va
cac con FOG.

Tién xir Iy dir liéu: Pay 13 budc
quan trong dau tién. Dit liéu tho thuong
duoc loc béng bd loc thong dai (vi du: bd
loc Butterworth béc 4, voi dai tan 0.5-20
Hz) dé loai bo nhiéu tan s cao va do troi
cta tin hiéu (thanh phan DC) (Bachlin et
al.,” 2009a). Sau do, dong dir li¢u lién tuc
dugc phan doan thanh cac cira sd ngin co
do6 dai ¢ dinh (vi du: 2-3 gidy) véi mot ty
1¢ chong chéo nhat dinh (vi du: 50-75%)
dé dam bao viéc phan tich khong bo sot
cac su kién chuyén tiép (Camps et al.,
2018; Pardoel et al., 2021).

Ky thuét Trich xuit Pic trung:
Céc phuong phép truyén théng dya vao
viée thiét ké va trich xuét cac dic trung
thu cong tu dir liéu da dugce xur 1.

+ Pic trung Mién Tan sb: Mot
trong nhiing dic trung kinh dién nhat 1a
Chi s6 Dong bang (FI), duoc dinh nghia 1a
ty 16 cong sut tin hiéu trong “dai tan dong
bang”(3—8 Hz), dac trung cho su run cua
chan, so v6i cong suit trong “dai tan van
dong”(0.5-3 Hz) (Moore et al., 2008).

+ Pic trung Mién Thoi gian va
Théng ké: Cac dic trung khac bao gdm
cac thong s6 vé su bién thién cua sai budc,
su bat ddi xtmg giita hai chan (Hausdorff,
2007), va cac do do phuc tap hon nhu
sample entropy dé dinh lugng mirc do déu
dan hoic kho dy doan cua chudi thoi gian
dang di (Richman & Moorman, 2000).

Mo hinh Hgc sau Lai (CNN-
LSTM): Kién triic nay dugc lya chon do
kha nang vuot trdi trong vi¢e xu 1y dir licu
chudi thoi gian tuan ty. Lép Mang No-ron
Tich chap (CNN) c6 kha nang tu dong
hoc va trich xuét cac dic trung khong gian
cuc b (local spatial features) tur tin hi¢u
cam bién tho, gitp giam sy phu thudc vao
viéc thiét ké dic trung thii cong. Sau do,
chudi cac dic trung duoc trich xuét nay
dugc dua vao cac 16p Mang B nhé Dai-
Ngan (LSTM), vbn rat hiéu qua trong viéc
mo hinh héa cac phu thudc thoi gian dai
han (long-term temporal dependencies)
gitta cac dac trung (Zhao et al., 2020;
Hochreiter & Schmidhuber, 1997). Su két
hop manh mé nay 1a Iy tuéng dé nhan dang
cdc mau hinh khong-thoi gian (spatio-
temporal patterns) phuc tap, dac trung cho
su khoi phat cua mot con FOG.
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I11. Phwong phap nghién ciru va vat liéu

3.1. Thiét ké H¢ théng va Phan cirng

Hé théng duoc thiét ké dudi dang mot thiét bi nho gon, c6 thé deo kin ddo & céng chan,
v6i kha ning thyuc hién toan b chudi xtr 1y tin hiéu va suy luan Al ngay trén thiét bi (on-
device).

Mgng CNN 1D — Trich xult 83c trmg khéng gian i Mang LSTM |
| Ghi nhé phy thuje thai gian |

ConvlD

i
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Hinh 1: Kién trac hoc siu lai CNN-LSTM duoc dé xuit.

Kién tric tong thé cua hé thong
dugc minh hoa trong So d6 khéi ¢ Hinh 2.

Sensor MCU Output
Arm-cortex Rung

1 1 1

Hinh 2: So d6 khéi ctia hé thong deo.

Lua chon Linh ki¢n Chién lugc:
+ IMU: Cam bién Bosch Sensortec
BMI270 dugc lya chon. Bay 1a mot IMU 6
tryc tiéu thu nang luong cuc thép, duoc toi
uu hoa cho cac tng dung deo va luén hoat
dong, tich hop sin cac bd xir 1y chuyén
dong thong minh (Bosch Sensortec, 2021).
+ MCU: Vi diéu  khién
STMicroelectronics STM32N  hoac
STM32H dugc chon lam 161 xtr 1y trung
tam. Py 14 mot MCU tién tién duogc
thiét ké chuyén biét cho cac tmg dung

Al tai bién (Edge AI), ndi bat voi bod
ting tbc No-ron (NPU) tich hop, cho
phép thuc hién cac phép tinh hoc sau mot
cach hiéu qua vé nang lugng va tbc do
(STMicroelectronics, 2023).

+ B¢ kich hoat (Actuators): St dung
mot dong co rung 1éch tam (ERM) dang
ddng xu cho goi ¥ rung kin dao va mot coi
ap dién mini cho goiy am thanh.

+ Nguén dién: Hé théng duoc cép
ngudn boi mot pin Lithium Polymer (LiPo)
c6 thé sac lai, dung lugng 250 mAh.

Thiét ké va Ché tao Nguyén miu:
Mot bo mach in (PCB) 4 16p nho gon
dugc thiét ké bang phan mém Altium
Designer dé toi wu hoa dién tich va giam
thiéu nhi€u. Mot vo bio vé duge thiét ké
va in 3D bang vat liéu nhe (PLA/ABS) dé
dam bao thiét bi co trong luong t6i thiéu,

bén va thoai mai khi deo.
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Hinh 3: Thiét ké phan cting va nguyén mau cudi cung.

Bang 1: Ngan sach Nang luong va Tudi tho Pin Uéc tinh cua Hé thong

Ché d9 Hoat dong Dong tiéu thu (mA) Ty I€ thoi gian (%) Dong TB (mA)
Ngu sau (Deep Sleep) ~0.01 90% 0.009
Cam bién Hoat dong (IMU Active) ~1.5 9.8% 0.147
Suy luén ML (AI Inference) ~15 0.1% 0.015
Goi ¥ (Rung) ~60 0.1% 0.060
Dong tiéu thy trung binh tong ~0.23 mA
Tudi tho ude tinh ( Pin 250mAh ) ~45 ngay

3.2. Giao thurc Xdc thwc va Thu
nghiém

Bo dir liéu: M6 hinh dugc huan
luyén va xac thuc ngoai tuyén (offline)
béng bd dir liéu cong khai Daphnet, mdt
tiéu chuan vang trong linh vuc nay. Bo
dir liéu chua dir liéu gia toc tir 10 bénh
nhan PD, véi téng cong 237 con FOG da
dugc cac chuyén gia chu thich (Bachlin
et al.,” 2009b).

Phwong phap Xac thue: Chung
toi sir dung phuong phép xac thuc chéo
Leave-OneSubject-Out (LOSO). Trong
phuong phap nidy, mé hinh duoc huin
luyén trén dir liéu cua N-1 bénh nhan va
duoc kiém tra trén dit liéu cua bénh nhan
con lai. Qua trinh nay duoc 1dp lai N lan.
LOSO cung cip mot udc tinh khong thién
vi vé kha ning tong quat hoa cia mé hinh
dbi véi cac bénh nhan méi chua ting thiy
(Saeb et al., 2017).

Thi nghiém trén nguwoi: Mot
nghién ctru thi diém quy mé nho (N=5
bénh nhan PD) duoc tién hanh dé danh gia
hiéu qua ctia hé théng goi ¥ trong diéu kién
¢6 kiém soat. Nguoi tham gia thyc hién
bai kiém tra “Timed Up and Go”(TUG)
(Podsiadlo & Richardson, 1991), mdt bai
kiém tra chirc ning van dong tiéu chuan,
v6i hai diéu kién: hé thdng goi ¥ dugc bat
va tat.

IV. Két qua va thao luin

4.1. Higu sudt Phdt hién FOG

Hi¢u suat ciia m6 hinh CNN-LSTM
duoc dé xuit dugce so sanh véi cac phuong
phép co s&, bao gém thuat toan duwa trén
Chi s6 Péng bang va md hinh may hoc
véc-to hd trg (SVM) truyén thong. Két
qua tir qua trinh xac thuc LOSO trén b di
liéu Daphnet duoc trinh bay chi tiét trong
Bang 2. M6 hinh cua ching t6i da dat duoc



hiéu sudt vuot troi trén tit ca cac chi sb,
véi d6 tré phat hién trung binh dudi 500
ms, mot yéu t6 then chdt cho tinh hiéu qua
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ctia cac hé thong can thiép vong kin. Hinh 4
va Hinh 5 cung cp mét cai nhin tryc quan
hon vé hiéu suét phan loai cia mo hinh.

Bang 2: So sanh cac Chi sé Hiéu suat Phat hién FOG (Xéc thuc LOSO)

Mo hinh / Nghién ciru Phwong phap Po nhay (%) | Do dic hiéu (%) | Piém F1
Moore et al., 2008 Dua trén ngudng (FI) 73.1 81.6 0.77
Mazilu et al., 2012 SVM (Kernel RBF) 84.1 85.9 0.85
Camps et al., 2018 Deep ConvNet 88.9 97.4 96.5%
Zhao et al., 2020 Attention-LSTM 94.6 97.5 -
CNN-LSTM dé xuit | CNN-LSTM lai 92.5 94.3 0.93

Dit lidu tir cdc bai kiem tra TUG
trong nghién ctru thi diém da cho thiy sy
giam dang ké vé mat théng ké (p < 0.05)
trong thoi gian kéo dai cua cac con FOG
khi hé théng goi y dugc kich hoat, nhu
dugc minh hoa trong Hinh 6.

4.2. Thao lugn

Céc két qua thyc nghiém di khing
dinh tinh wu viét ctia phuong phap dé xuat.
Hiéu suit ciia mo hinh CNN-LSTM khéng
chi vugt trdi so voi cac phuong phap dua
trén dac trung thu cong kinh dién, ma con
cho thiy kha ning canh tranh cao khi so
sanh véi cac kién tric hoc sdu tién tién
khac dugc xéac thyuc trén cung bo dir ligu
Daphnet. Vi du, so v61 m6 hinh Deep
ConvNet cua Camps va cong sy (2018),
mo hinh cta ching t6i dat dugc d§ nhay
cao hon (92.5% so v6i 88.9%), mot yéu
t6 cuc ky quan trong dé khong bo sot cac
con FOG. Mac du dg dac hiéu va d¢ nhay
cua mo hinh Attention-LSTM do Zhao va
cong su (Rodriguez-Martin et al., 2017;

Zhao et al., 2020). d& xut c6 phan nhinh
hon, mo hinh cua ching t6i van dat duoc
Su can bé“mg xuét sic gitta d§ nhay va do
dic hiéu, thé hién qua diém F1 cao 13 0.93.

Quan trong hon, kién trac CNN-
LSTM dugc dé xuét d3 duge tdi wu hoa dac
biét cho viéc trién khai trén vi diéu khién
nang lugng thép, v6i d6 tré phat hién trung
binh dudi 500 ms, mot thanh tyu quan trong
dam bao rang tin hiéu goi ¥ dugc cung cép
gan nhu ngay 1ap tirc khi con FOG bit déu,
t6i da hoa hiéu qua can thiép. Day la mot
khia canh thuc tién ma nhiéu nghién clru
trudc ddy chua nhin manh.

Dé d4nh gia sdu hon kha nang phan
loai téng thé ctia md hinh, Hinh 5 trinh
bay duong dac tinh hoat dong cua b
thu (ROC) va di¢n tich dudi duong cong
(AUC). Bbudng cong tiém can goc trén bén
trai va gia tri AUC cao (vi du: AUC=10.95)
cho thiy kha ning phan biét xuat sic cta
mo hinh gitra cac 16p ‘FOG’ va ‘Khong
phai FOG’ trén toan bd cac ngudng quyét
dinh c6 thé c6.
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Hinh 6: Biéu d6 cot so sanh thoi gian trung binh ctia mot con FOG (tinh bang gidy) dudi

cac dicu kién “Goi y Tat”va “Goi y Bat”.



Két qua tir nghién ctru thi diém cing
cb cac phat hién truée day vé hiéu qua cia
go1 y cam giac (Ginis et al., 2018). Mac du
ca hai phuong thirc goi ¥ déu cho thy hiéu
qua, cac phan hdi dinh tinh tir ngudi tham
gia cho thiy goi y rung dugc ua thich hon do
tinh kin dao, cho phép nguoi dung nhan dugc
ho trg ma khong thu hut sy chil y cia nguoi
khac (Mancini et al., 2018). Hé thong nay c6
¥ nghia 1am sang to 16n va c6 thé dugc xem
xét phéan loai 1a mot thiét bi y té, doi hoi cac
quy trinh phé duyét phép ly nhu 510(k) cta
FDA tai Hoa Ky hoac dAu CE theo Quy dinh
Thiét bi Y t& (MDR) tai Chau Au.

V. Két luan va huéng phat trién

Bai bao nay da trinh bay mdt cach
toan dién qué trinh nghién ctru, thiét ké,
ché tao va xéac thuc mot hé théng deo vong
kin, tu chu dé phat hién va can thi€p hi¢n
tuong Pong bang Dang di & bénh nhan
Parkinson. Céac két qua chinh, bao gém
hiéu sudt phat hién vuot troi cia mé hinh
CNN-LSTM, kha nang hoat dong thoi
gian thuc v6i do tré thap, va hiéu qua da
dugc chimg minh cia co ché goi ¥ theo
yéu cau, da khang dinh tinh kha thi va
tiém nang cua giai phap dé xuat.

Tuy nhién, nghién ctru ndy van con
mot s han ché can duoc giai quyét trong
tuong lai:

Thir nhat, m6 hinh chu yéu duocxac
thuc trén bd dir li¢u cong khai Daphnet,
v6n dugc thu thap trong méi trudng phong
thi nghiém c6 kiém soat, didu nay c6 thé
khong phan anh hét sy phirc tap cia FOG
trong méi trudng sdng thuc té.

Thit hai, thtr nghiém thi diém trén
ngudi ¢ quy md nho (N=5), chua du dé
khéng dinh hié¢u qua cta h¢ thé)ng trén mot
quan thé bénh nhan da dang.
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Thir ba, hé théng hién tai hoat dong
theo co ché phan ung, tirc 1a can thiép sau
khi FOG d3 xay ra. Cudi cung, danh gia
vé tinh kha dung lau dai va su chép nhan
cua nguoi dung trong sinh hoat hang ngay
van chua duogc thyuc hién

Do d6, cac huéng phat trién trong
tuong lai s€ tap trung vao:

Thir nghiém l1am sang quy mo lén:
bé khic phuc céc han ché hién tai, ching
t6i s& tién hanh mot thir nghiém 1am sang
ngau nhién c6 d6i chimg (Randomized
Controlled Trial - RCT) dai han (it nhat 6
thang) voi & mau myc tiéu 1a 50-100 bénh
nhan. Nghién ctru s€ danh gia cac ti€u chi
chinh nhu su thay d6i vé tan suat FOG, sd
lan té ngd, va cac thang do chtrc nang van
dong (TUG, FOG-Q), cung cac ti€u chi
phu nhu chit luong cudc séng (PDQ-39)
va muc do chép nhén cong nghé.

Du doan FOG (FOG Prediction):
Phat trién va tich hop cac thudt toan c6 kha
ning nhan dién dau hiéu tién FOG trudc
khi con dong bang thuc sy xay ra, cho
phép hé thong chuyén tir can thiép phan
mg sang cung cip goi ¥ phong ngira, mot
budc dot pha trong quan ly FOG (Aich et
al., 2020).

Ca nhan hoéa va Hoc tap Lién tuc:
Trién khai cac k¥ thuat hoc chuyén giao
hodc hoc lién tuc dé c4 nhan héa mé hinh
cho tirg nguoi dung, gitp hé thong thich
nghi voi sy tién trién cta bénh theo thoi
gian (Prabhu et al., 2021).

Tich hop H¢ sinh thai Chim soc
Stre khée: Két ndi dit liéu tir thiét bi voi
cac nén tang y té tir xa dé cac bac si 1am
sang ¢ thé theo ddi tinh trang cia bénh
nhan mdt cach khach quan, tor d6 dua ra
cac quyét dinh diéu tri tot hon.
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Giai doan 1: Hign tai (2025)

Hé théng phan tmg thai gian
thye

« Nhin dign FOG — Phat goi 7

Giai dogn 2; 2026-2027
Tich hogp dy dodn sém
» St dung chi 56 pre-FOG
= Cénh bio FOG sap xiy ra
|

« M5 hinh hudn luyén trude «  Déng b dit ligu v& dién thoat

= Chay nhing trén thiét bi « Tinh chinh mé hinh offline

» Khdng hoc tir nguedi diing

Giai doan 3: 2027-2029

Giai doan 4: 2030+

Cé nhin héa md hinh Hoc lién tuc & Phong ngira
« Mg hinh riéng cho méi bénh + HE théne ti hoe tir diF ligw mos
Al + Phintich di han. thay ddi 11

»  Tirddng téi vu theo hinh vi | [

= Cé thién frong tac Al Ngut

dung

s Phong ngira FOG cha déng

« Tichhop hé sinh théi y 8

= Goi ¥ thich tmg (adaptive

cueing)

Hinh 7: L6 trinh phét trién trong twong lai: tir hé théng phan tmg (Reactive) hién tai dén
mot hé thong phong ngira (Proactive) va cudi cing 1a mot hé théng du bao va ca nhan hoa

(Predictive & Personalized), tich hop céc thuét todn du doan, hoc tap lién tuc va phan hoi tir

chuyén gia y té.

Trong tuong lai cac thiét bi hd tro

thong minh, dugc cd nhan hoa nhu hé

thong duoc trinh bay trong bai bdo nay,

nam git tiém nang to lon d€ cai thién mat

cach co6 y nghia kha nang van dong, sy an

toan va chat lugng cudc song cho hang

triéu cd nhan dang song chung vdi bénh

Parkinson trén toan thé gidi.
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A HYBRID DEEP LEARNING-BASED CLOSED-LOOP
SYSTEM FOR FREEZING OF GAIT DETECTION AND
ADAPTIVE CUEING FOR PARKINSON’S PATIENTS

Nguyen Van Manh?, Hoang Anh Dung?, Nguyen Hoai Giang’, Nguyen Duc Xuan'’

Abstract: Freezing of Gait (FOG), a severe and prevalent motor symptom in Parkinson s
disease (PD), significantly increases the risk of falls and critically impairs quality of life.
Current intervention methods are often limited by subjective assessments or a lack of
real-time responsiveness. This paper presents the detailed design, implementation, and
validation of a low-power, closedloop wearable system capable of real-time FOG detection
and automated delivery of rhythmic cues to assist patients. The system integrates a single
Inertial Measurement Unit (IMU) worn on the shank to capture gait dynamics. At the core
of the system is a FOG detection algorithm based on a hybrid deep learning architecture,
combining a Convolutional Neural Network (CNN) and a Long Short-Term Memory (LSTM)
network, optimized for on-device deployment on a microcontroller (MCU). This architecture
enables the effective extraction of complex spatiotemporal features from raw sensor data.
Upon detection of a FOG episode, the system activates multi-modal cues, including auditory
or vibrotactile signals, based on user preference. A LeaveOne-Subject-Out (LOSO) cross-
validation on the public Daphnet dataset demonstrates that the proposed algorithm achieves
a sensitivity of 92.5%, a specificity of 94.3%, and an F [-score of 0.93. Pilot user studies have
proven that the on-demand cueing significantly reduces the duration of FOG episodes. This
research validates the potential of a feasible, effective, and discreet solution, opening new
avenues for improving safety and motor autonomy for individuals with Parkinson's disease.

Keywords: parkinson's disease, freezing of gait (FOG), wearable System, deep learning, CNN-
LSTM, sensory cueing, real-time intervention, internet of medical things (loMT)
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